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(54) SEMICONDUCTOR DEVICE AND TTS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an SiN film that C * MDl * — 
has a small amount of leakage current even if film 
thickness is reduced to 0.4 nm or less, and a 
semiconductor device that uses the SiN film as a 
capacitor insulating film. 

SOLUTION: In a pressure reduction CVD device, an 
ammonia-family gas and SiCI4 are supplied as a raw 
material of N and Si, respectively, onto the SiN film 
formed by allowing an Si substrate to be subjected to 
thermal nitriding, and a CVD-SiN film is deposited at 
temperature of 650° C or less and 550° C or more. 
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[0 0 0 9] 6 5 0° C 

J^TOS^SS^«Jtg^iSp a pH S i NB*+ + ^5/Jf 

[0 0 1 0] 
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HSfsfcWISn. 9 0OS i NIJ:0^^t^ 
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H*^Sn**^ S i C 1 4 0S3tSU7'^* 2 1 F*3^43 
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»^«IBJS2 0J±«fflli:it«Lfc«^ 
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5fe^H6"eittBBLfcS iHzCh^S i mntLTfe? 
mi (Dttf&miC&ZC VD-S i Nltlt iS^O®^ 

tC N 4. 0 n m&mTL, 4. 1 n mlcm^^ S i 0 2 ^ 
i C 1 4^rS i (OWMtLTm^e 8 0° CdDiSfi"eJB 
S^ttHTa^rAdte, S i 02«JWUP^3. 8nm 
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U *©±fc6 4 0° COfflJSTS i C litNHzt* 

pJtlTfe^o *©B, MIES ilfii ioftb0fc:*>J 
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3 1 lfc[inS»>i;l/3 1 A»S$ntJ5^ 2^ 
MESS 3 l±t:(if^^3nm^MfkI (H^ 
JP£tf£jl 1 5nmOS i N^£- 
>3 2*«?»Pi««*»Hi-r*J:'5te:}Ej«*n*o 

[0 0 5 3] SfcteB 1 2 (B) OXStC^5V>T, huE« 
*53 l±^tufSS i N^£— >3 2^vX^i:LTS T 
I^3 3A-3 3FW^tl, 26&CB + O-f* 
>&Xlc£K>wJMnM r y ^J\s3 1 Acftc^^rU-t:;!/^ 
SOAIcSKLTpiDx^a 1 B*««t«o lefc 
fuES*S3 1*£. tiJEp§!^x/l/3 1 BO^ffJjOnv^y 
*@HS««3 0B*fc:. ME P S««3 l ftcfctfnS!* 
x;l/3 1 At^fJoT, p^^^;l/3 1 C%f&titr 

So xistca. jfetMEpa^x^a i c^jgfiJcL, ^ 

^TMSep§y^x;l/3 1 B^jS^tiSo 443. nl 
^x;l/tigij|£S T I *JBJBj5E«fc, iSx^yl/^aA^i 

[0 0 5 4] HI 2 (B) OXST«±J»Hfkfc: 

M3 4*JB)«L, S6fc1WEy-MWUi3 4±teP* 
K— ^LfcT^;!/? 7X>"J3 C V D ffitc £ 9 

#31 6 0nmOfSJCJtSt5 0 MRS tlfzT * >V7 7 

y-Ml3 5A-3 5F*«^nS e ^^OidtC 
y-hm®3 5 A-3 5 F«»7— KISWLO— SP*«dc 
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U SftMIB^tU-b/I/WW^OST I«ifi3 3A, 3 

So 

[0 0 5 5] ^6JCBUlSy— h«S3 5 A — 3 5 F*V 

mm 3 0 A*kzWIEy-h»B3 5 A~3 5 Ct;:B$}gL 
Tn-Sft£SS«3 1 a -3 1 dtfflgjfiStl. HBflCffiJ 
Eos?-; ^(HlKSiia3 0 BOPI«)x;l/3 lCto 
t9Ey-h«S3 5 E. 3 5 FtcBSLTLDDSi«* 
«tft5n-ia»g«3 lh-3 1 k*^«ric*n*o 10 
SfcHWfc:, *MEJiaa«l*3 0 Bfcfe^TfetWBNffl 1 ? 

x;l/3 1 A^^tufgy- hm®3 5 mcKSLTn-§y 
ffiifcSI«3 If, 3 1 g*^*J«StlSo 

[0 0 5 6] l(HE^*y-fe;l/««3 0 A*>£tf 

tufBpS^x;l/3 1 C*US?XhT«Lfctt»TiaB 
n^y*leiB««3 1 AOnS^x;l/S^3 1 A^B + 
fc-Y^&AU HufW— h«S3 5 D^RgLTM 
ShT^*tffl2«««W<3 If, 3 1 g^SIS^p- 
S!K:*fl:«**o 

[0 0 5 7] Sutey— hm«i3 5 A — 3 5 F£rH 20 

SC^tJ;!), *4?©y-Mffi3 5 A — 3 5 FKfflfi 

[0 0 5 8] 26t;:Hl2 (B) Ol8TI4t9E^*U 
■fe;l/flM(3 0 Afeirfa^^^EiiMiiO 0 BtOni 
^x/l/3 1 A<P«5#*l^xhfcj;0?I^\ fufgpS^ 
x;l/3 1 CQ*KfflR7— hW&3 5 E, 3 5 F^t/f 
OMfflOOffl!lSKfbl3S*vx^tc A s +^^^>ftA^-S 
C££<J;tK n+§y<Dfi£ifcSS*£3 11-31 o^fyfBfJl 

[0 0 5 9] SSIC, huISI^ 1 2 (B) <DX*§Tt£. fu 
S2SS3 1 0*ffi«rSuS2oi/y 3 0 B^n 

S^x;l/3 l AOSP^Bffl-r5«fc5tcU^xh^«fc 0 

ley- Mi8i3 5 d icks it, msmtkmonwK: p 

+ S<Difc»««3 1 p*S&U3 1 qtfMShSo 
[0 0 6 0] &lc, H13 (C) ©XSfcltel^TH 1 1 
(B) O«I±tBPSGi3 6*«2 5 0nmOIS 
£«£«U SfefctOEBP S GM3 6**cWIEiS»«« 
3 1b, 3 1 e, 3 1 p45<fctf3 1 nSftiftlBHit 40 
^□y^^h>t-;l/3 6A-3 6D^Mt§o 

Huse bps g§3 6 jiiz mtmttm cvdswd jab 

— ;i/ 3 6 a - 3 6 d mmm \z®mmtm 3 6 a - 3 6 
d^n^tuBric-rso tufBn>£^ 

i36A-36D^l9J;9lC, P^K-^Lfcr^l/ 
77X^'J3>^I>*WS i £9&3m8i3 7 A~3 7 
D^n^ftflM-f £ 0 CO«5^, ^t»J-b;l/a«3 0 
B^fi3 7A, 3 7 BtttT-y H6/<ir->*Jgrit-r 
So lufBn 3 6 A - 3 6 D fcfflflSKfldK so 
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3 6 a-3 6 d&&f&-?Z£tlC&*)^ MIE^Vi^h 

[0 0 6 1 3 Hi 3 CO ©XSTtt, S&fcTOKBP 
S GI3 6_t£JP£##J3 5 0 nmOgijOB P S GI3 
8£\ tuIBB P S G13 8 3bMiuK!Wi3 7 A — 3 7 D£r 

[0 0 6 2] mem 1 3 (D) OXSlCfc^T. 0 1 3 

(C) OBPSGI3 8W:, fuSS*^ey-fe/I/fg«3 0 
A«t>^^i^fi£»fiB«3 1 a, 3 1 cls£Zf3 1 d ^x^- 
n^ni!^^;/^ h*-;i/3 8 a- 3 8 c&mf& 

U Hi 4 (E) OXStCfel/^T, iuf2^>£ £ h4>— 
;l/3 8 A — 3 8 C&m~>£olc**:V'te)l<JF*;M/5t%: 

[0063] Hi 5 (A) — H 1 6 (D) it, Hl3 

(D) OXfihHl 4 (E) OXg£©H<DXS*:fiMH 

[0064] Hi 5 (A) *#gg-r5lC, SufBB P S G 
13 8±tc^tulBn>^^ h*— ;l/3 8 B^g-5^5 
fc, fulBB P SG13 8 25£>W£B P S GI3 6 <£ t) 
x-;f>{fb- h<D{£l^S i02 , S i N, S i ON 

5 (B) iZTsk^&^lCuyZZ h*— ;l/3 8 B £>ffl!lil* 
«5«SffilHK3 8 b*JEfa-rSo 
[0 0 6 5] Jfcfc, H 1 6 (C) ©IltS^T, H 1 
5 (B) (Dl/»f;^->4 0^SU P^K-y 
L 7c 7 r X U 3 ^ JS® L fc^/ * £ — - > ^* 
U S3E3 y ? * h 3 8 B *B 5 ^ € 'J -t 1 

[0 0 6 6] 2«CHl 6 (D) ©XSfc:*5^T\ ft^H 

3 &&XSm 4 THWLftlilc J: 0 mU7^)V 7 r X > 

fcJJECVDIlfctO C VD-S i NBM^rltS-r^c: 
S i N**s<^»ttttH4 2*»*t«o ^ 
6tms i N4 1 ^>'^>^$geM4 2*!RKftfflaU 
fc^ N HiJlB+-V>'^>^3fe^lg4 2±^CP K— 77^E?iy 

»^m®4 3£:JBi£-r£ 0 HI 6 (D) 0«3tti5t^Bi 
B^LfcHl 4 (E) 0«jgtC#jELTl^So 
[0 0 6 7] H 1 4 (E) *mZfmM-?2>lZ, fulBB P 

s Gfli3 s*icmf£zn&*mmmm&3 u, 31 

c^Jcfct/S 1 d£Rm-f£ 3 ;l/3 8 A. 3 

8B. 3 8cc^ mmmm4 k ^^/^>^^m#M 

4 2 43cfctftt|pfBli4 3cfct)^^^^U-lr;l/^^^^>^ 

[0 0 6 8] 14 (F) £0Xg^i:^^,^TH 1 4 

(E) <D«iS±fc:B P S GI4 4tf|?J3 5 Onm^f? 
JCJBjSltffn, MlfiB P S G14 4^XtCti, HUIBI14 4 
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4HCBufElI8i3 7 C43«ttfffl;»ai«3 1 o^n-ma 
mtZ&^fcm&Ztirzzil/Z? h*— ;l/4 4 A*5<i:a* 
4 4 B*^LTS««I4 5 A, 4 5 BteBfRtZo S 
fcfJIEB P S GI4 4±fctiIE»><#— >4 5 C, 4 5 

[0 0 6 9] *S£fiEtR|fc:<}:5DR AM/D^y^gt* 
m#Mffi®&3 Om tufSS i N*t^^^lfigl4 

T 4 . On mttT©3Wfcill«f*StSa*-Pfco 

[0 0 7 0] *nmmic£iM£. B:B3TKWLfeJ: 

o° cwToffijaTHfTsnsfe*. mied r am/o 

[0 0 7 1] *^*#$LV^IM«fc:ov»T« 

[0 0 7 2] (ftffi l ) Sfifc. ff)ES4E±tc}BJS2 

S^43i/>T, BufE^-f'^^te, JB»r*tf*5i 1 , 9 00 

[0 0 7 3] (WIS 2) iOC*^^<S/*|ftMfflWtt, 
4. 0 n mttTO*ftMWI»**TSi: 

[0 0 7 4] (WIS 3) ME*t^S/*ttSiT»t 
ffi*#U tales i Nfll&fufES i TWMLtfciBSfc: 

[0 0 7 5] (WI24) WlS+ir^^^ttS iT«« 
i^WU tufES i NBttaufES iT8B««±fc:, S i 

ozm^LTm^nn^z t^mtt^mi 1 

[0 0 7 6] (WI25) MCJSHBR^ttO. 18 Mm 
i^Toy- h fi* *rr 5 c i: fc f S ttfl S 1 - 5 © 

[0 0 7 7] (ftHE6) Btt*?*»lSt;£*lfc»E 

-r*s i >**—>i&m*m&{t?2>c£ic&*), luiss 
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<fc£C VD7n-fe S2^S i Nffi*85iE** 

><->*lfi»*D-lfBl: LT7g/£*r* C V Dili: «fc £ a 
9> MIEC VDi&is 5 0 — 6 6 o° coigaosjg 

[0078] (fsfE7) BulEcvDifcti. egffift^r 

10 [0 0 7 9] (ttf28) huIEC VDXfite, 6 0 0° 
C — 6 4 0° COimmtDl&miC&l^TMftiEtlZCt* 

&m t -r * wis 7 3= ti 8 i e«o±wf {*»B<os(ji;£ 

[0 0 8 0] (WIE 9 ) Si gfigffi*JS&gf tr * c 
hick*), tufES ilfigffij:gi©S I NBtMt 

zmmitjimt. hmesios i Niogit, mmt 

tr << m t T T 3k JiTs t ©KJSfc: £ Z> C V D -tr 
MIEC VD:/a-tr>U3:6 5 0° CttTOigfilc* 

20 ^rnnztiz ££*&&£•? zs i ni^sss d 

[0 0 8 1] (ftffE 10) MIE C VDS(1 Higft:^ 
Yii:7^-7^ 1 : l-l : 5 <DS5fii±T{tt 

*s-r * *fr*ns c ^ fc -r * wis 9 is 

«<DS i N 

[0 08 2] (WfEl 1) tusEC VDIili6 4 0 e 

c-6oo° comm^mr^n^tx^ct^nmt 

-r«f«E9Sft«4l OfEScOS i N«IOJB«*ffi. 
[0 0 8 3] 

30 VDXglC:fc^TT>^-7^;tfX£ S i C lib** 
tl^hNfiirfS iOK»fcLT«t\ 6 5 0° COT 
Oj&gT'it^^T? C kKlcfc 9, 'J — *««E*fi«Ufc 
S i Nl^Lt^f5o ms i NJS^r^-V/^ 

^6 5 0° CWTOfifflTHfT^n«fcAi>, DRAM^ 
[|^®OWmaitt0^] 

D9 1 ] (A) - (C) tt, *&W(Dm 1 <k« 

s i N«o«jat&a*^rB"e*So 

CH2] 0 1 i N««j«xaT«tonaj*aEcvD 

CH4] 4c»nKlHttffi|(c:J:«s i NBO«j«xa*c 
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[0 5] 0 4OSJS7n7 7^;b*teoTmf££ttfeS 

i N«ou-*«aiwtt*s , rHT*ao 

[06] *KWSi|6fl5g9U:»-r*Jt«W^ck*S i N 

[0 7] *«W«iH«iffyK:J:SS i NKOWMSWffifc: 
[0 8] *»^1HSSWlcJ;5S I NiO'J->t» 

[09] (a) . (b) ti, zrft^t&zmm intern « 

S i I70«*^*StHT*65o 
[010] (A) . (B) ti, ^n^FtutcRHS 1 HJS 
IHisilHtiJMteiSS i N j^Jp7?foK\ 

[011] (A) . (B) *tt^n*3SWSi 1 S«S 

0 0 gf^DfifM^^t BT$5 0 

[01 2] (A) t (B) *«WOS2Sa«ffjK:J: 
S¥«tMll«[p]KSBO«SSxe«:^-rBI (tOl) T 20 

[iai3] (o , (d) it *¥£wo)WS2mmmic& 
rai 4] (e) , (f) it *¥£w<r>m2mffimic& 

[015] (A), (B) It 013 (D) ~0H 

(e) <Df£<Dj:m*mmic7r.-?m (md t-ss. 

[016] (C) . (D) It 113 (D) -014 so 

(e) <D?3<DJLm*mmiz7x?m (*©2) r-fes 0 
[fr^©!tfs)/3] 

10 M0S* + ^ 

11 S iii 

1 2 iSSttfclR 

1 2 a gttfta 

13 CVD-S1NI 
1 4 Bgft^ 

i 5 ±mmm 
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2 0 MECVDgf 
2 1 U7*£ 
2 2 U7**IBP« 
2 3 S?t*S# 
2 4 ttfttf— h 
2 5 #X«|A#- h 
2 6 S3S#- H 
26A 

2 6B 53S#-hjMS 
2 6C MBIMMI 
2 6D ^K->f7h 
2 7 ^Fgtt«TX»A#— h 
2 8 U—Yuvtn 
2 8 A MPgP 

2 8 b m 

2 8C *-fe-yh 
2 8D D#7h 

2 9 r—h/W7 

3 0 D R A M/ns>* *iIS¥«tt:*«|5]gSgH 
30A ^-tu-b;Hi« 

3 0B UiSvtmW 

3 1 as 

3 1a~31o SSiSjSSi^ 

33A — 33F SI TjHig 
3 5A—35F bMM 

3 4 y-neaw 

3 6, 3 8, 44 mmmmm 

36A — 36D, 38A — 38C, 44A, 44B =1 

36a~3 6d, 38a~3 8c ffi!)il*6^Jl 
3 7 A, 3 7B Z-yhWinm 

3 7 c , 3 7 d mm 
4 i mmmm 

4 2 

4 3 ttfaWM 

4 5 A, 4 5B SH*§tBiS 

4 5 C, 4 5D ES><* — > 

3 1 A~3 1 C ->x;l/ 

3 9 mmm 
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